We studied how a DNA sensor based on the interface states of a conventional metalinsulatorsemiconductor diode can be prepared for biotechnology applications. For this purpose, the p-type silicon/metal diodes were prepared using SiO2 and DNA layers. The obtained results were analyzed and compared with interfaces of DNA and SiO2. It is seen that the ideality factor (1.82) of the Al/p-Si/SiO2/DNA/Ag diode is lower than that (3.31) of the Al/p-Si/SiO2/Ag diode. This indicates that the electronic performance of DNA/Si junction was better than that of SiO2/Si junction. The interface states of the Al/p-Si/SiO2/DNA/Ag and Al/p-Si/SiO2/Ag junctions were analyzed by conductance technique. The obtained Dit values indicate that the DNA layer is an eective parameter to control the interface states of the conventional Si based on metal/semiconductor contacts. Results exhibited that DNA based metalinsulatorsemiconductor diode could be used as DNA sensor for biotechnology applications.
Introduction
The metal/semiconductor (MS) contacts are of great importance for the potential use in electronic and optoelectronic devices [14] and MS diodes have been studied by many researchers using various organic semiconducting materials [58] . It is well known that the electrical characteristics of metal/semiconductor contacts are controlled mainly by their surface properties [811] . An MS diode possesses a thin interfacial native oxide layer, which has a big inuence on electrical characteristics of diode [10] . The electrical properties of MS diode can be controlled by adsorption of small organic compound on the inorganic semiconductor surface. The deoxyribonucleic acid (DNA), which is central to every living organism, is a subject of interest for its physical properties, and particularly for a great potential of application in photonics and molecular electronics [12] . DNA can be synthesized articially and extracted from living organisms in its purity. It is the most stable molecule even under high temperature conditions (90 • C) [13] .
DNA device with metal/semiconductor contacts are still rare [1416] . In recent years, there are some studies on the electrical conduction of the DNA molecules which reveal that they may act as either semiconductor with nanosize dimensions or non-semiconductor materials (i.e., insulator or metal) [1719] . * corresponding author; e-mail: fyhanoglu@firat.edu.tr
In our previous study, we have fabricated a Al/p-Si/ DNA/Ag diode for optical sensor applications, in which we have used DNA of band 15 at all microbial fuel cell (MFC) samples detected as Shewanella halitotis [20] .
In rRNA genes was applied to reveal successive changes in the microbial communities of the MFC (Fig. 1a) 
where A * is the Richardson constant with a value of −2 for p-type silicon, R s is the series resistance, V is the applied voltage, n is the ideality factor, k is the Boltzmann constant, T is the temperature and ϕ eff is the eective barrier given by [23, 24] :
where β is the structure-dependent attenuation factor that depends on the tunneling mechanism, l is the lm thickness of DNA lm and the second term in Eq. (2) contributes to the eective barrier height of the interfacial layer.
As seen in Fig. 2 Figure 3 shows the capacitancevoltage CV plots of Al/p-Si/SiO 2 /Ag [20] and Al/p-Si/SiO 2 /DNA/Ag diodes under various frequencies. It is seen that the capacitance at positive voltages remains to tend constant, but at negative voltages, the capacitance increases with decreasing frequency. The CV plots of the diodes indicate a p-type behavior. The change in the capacitance with the voltage is due to the change of width of depletion layer with the applied voltage. As seen in CV plots, the plots have a peak and the intensity and position changes with the frequency. It is evaluated that the peak is distributed with series resistance. Thus, we have corrected the capacitance and conductance plots of the diodes by the following relations [35, 36] :
Interface state density properties
where C adj is the corrected capacitance, G m and C m are the measured conductance and capacitance, respectively, ω is the angular frequency. by the following relation [35, 36] :
where G adj is the corrected conductance. 
where C m is the measured capacitance, G max is the measured maximum conductance, ω is the angular frequency, C ox is the capacitance of the insulator layer, A is the area of the diode and ω is the angular frequency. 
